Hepatitis E virus (HEV) is an infectious, nonenveloped RNA virus that causes an acute, usually self-limiting hepatitis that can progress to chronic hepatitis in immunosuppressed hosts \[[@CIT0001]\]. Of 5 known HEV genotypes, genotypes 1 and 2 are acquired through fecal--oral transmission, typically through contaminated water supplies and uncooked shellfish throughout Asia, Central America, and Africa, whereas genotype 3 is present worldwide and has been associated with the consumption of undercooked pork, deer, and other meats in developed countries. Infections acquired vertically from mothers to infants and from blood transfusions have also been documented \[[@CIT0002], [@CIT0003]\].

The Precision Diagnosis of Acute Infectious Diseases (PDAID) study for the diagnosis of hospitalized patients with suspected infectious causes of meningoencephalitis was launched in June 2016. The goal of this multihospital, nationwide study is to evaluate the utility and cost-effectiveness of a clinical metagenomic next-generation sequencing (mNGS) assay for pathogen detection as compared with conventional microbiological testing (Supplementary Methods). The mNGS approach does not define targets *a priori*; rather, any and all viruses, bacteria, fungi, and parasites are identified in clinical samples on the basis of sequence homology to GenBank microbial reference databases. The mNGS assay has been validated in a Clinical Laboratory Improvement Amendments (CLIA) laboratory \[[@CIT0004], [@CIT0005]\], and results are relayed to the treating clinical team(s) and reported in the patient's electronic medical record.

Here we present a case of HEV meningoencephalitis diagnosed by clinical mNGS in an immunocompromised patient enrolled in the PDAID study. We demonstrate the power of clinical mNGS in elucidating the cause of uncommon and unexpected infections and identify a case of chronic HEV infection most likely transmitted through the transplanted lungs the patient had received 6 years prior.

CASE REPORT {#s1}
===========

The case patient is a 58-year-old woman with a history of idiopathic pulmonary fibrosis status post bilateral lung transplant in 2011, migraines, hypercoagulability, and multiple sclerosis (MS) on chronic immunosuppression who was admitted to University of California, Los Angeles Medical Center in October 2016 with 8 days of fever, headache, nausea, vomiting, neck stiffness, and photophobia. The patient had been hospitalized 4 days prior to admission at an outside hospital complaining of the "worst headache of my life." During that hospitalization, she was treated with a variety of abortive migraine medications with only partial response and diagnosed with tacrolimus toxicity (initial tacrolimus level of 36.8 ng/mL; 24.6 ng/mL on discharge) and acute kidney injury. Of note, her symptoms occurred in the setting of \>15 years of MS-attributed episodic leg pain and swelling, 5 years of occasional word-finding difficulty and slurred speech, 1 year of recurrent episodes of dizziness and falls, and 1 month of lower extremity weakness. In addition, the patient had an acute episode of encephalopathy in 2013 and a first-time seizure of unclear etiology in March 2016.

The patient is a resident of Orange County, California. She denied sick contacts, pets or other animal exposure, insect bites, and eating shellfish or game meats. She reported travel to the mountains in Utah in August 2016, the Caribbean in 2010, and throughout Europe decades before admission. Her outpatient medications included immunosuppressive medications (tacrolimus, mycophenolate mofetil, and prednisone for lung transplant; teriflunomide for MS), antimicrobial prophylaxis (trimethoprim/sulfamethoxazole and acyclovir), anticoagulation, and pain medications, including an intrathecal morphine pump.

Upon admission, the patient was noted to be sleepy but fully oriented and in moderate distress from pain; she had a fever of 38.3°C but otherwise had normal vital signs. Physical exam was remarkable for right leg tenderness from deep venous thrombosis. Initial exams showed stable pancytopenia (white blood cell and platelet counts of 4.36 × 10^9^/L and 72000/L, respectively, and hemoglobin of 9.6 g/dL), elevated transaminases (alanine aminotransferase and aspartate aminotransferase of 154 U/L and 263 U/L, respectively), elevated international normalized ratio of 1.6, and tacrolimus level of 7.5 ng/mL. Magnetic resonance imaging revealed baseline periventricular, subcortical, and juxtacortical T2/FLAIR white matter intensities associated with her MS but no acute changes ([Table 1](#T1){ref-type="table"}). Empiric antimicrobials were initiated with vancomycin, ceftazidime, acyclovir, and voriconazole. Tacrolimus was initially held but subsequently resumed.

Given the patient's ongoing symptoms, a lumbar puncture was performed on day 3, revealing a lymphocytic pleocytosis ([Table 1](#T1){ref-type="table"}). All clinical microbiologic studies returned negative ([Table 1](#T1){ref-type="table"}). By day 6, the patient was clinically improved except for mild persistent headache. The differential diagnosis included viral meningoencephalitis or tacrolimus toxicity.

###### 

Patient Laboratory Testing and Imaging

  **Study**                                **Initial Hospitalization October 2016** ^a^                                                                                                                                **Readmission November 2016**                                                                                                                        **Post-hospitalization Testing**
  ---------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------
  CSF                                                                                                                                                                                                                                                                                                                                                                       
                                           WBC (per mm^3^) 10                                                                                                                                                                                                                                                                                                               WBC 8RBC 134
                                           RBC (per mm^3^) 5                                                                                                                                                                                                                                                                                                                Differential (%)
                                           Differential (%)                                                                                                                                                                                                                                                                                                                  Lymphocytes 88
                                            Lymphocytes 88                                                                                                                                                                                                                                                                                                                  
                                            Monocytes 2                                                                                                                                                                                                                                                                                                                      Segmented neutrophils 1
                                           Protein (mg/dL) 29                                                                                                                                                                                                                                                                                                               Monocytes 11
                                           Glucose (mg/dL) 48                                                                                                                                                                                                                                                                                                               Protein 47
                                                                                                                                                                                                                                                                                                                                                                            Glucose 58
                                                                                                                                                                                                                                                                                                                                                                            
  Metagenomic next-generation sequencing   CSF HEV, genotype 3 detected                                                                                                                                                                                                                                                                                                     
  Microbiology                             *Blood*                                                                                                                                                                     *Blood*                                                                                                                                              *Blood*
                                           CMV DNA quantitative PCR negative                                                                                                                                           Hepatitis A IgM negative                                                                                                                             HEV IgM/IgG reactive (Jan 2017)
                                           Cryptococcal antigen negative                                                                                                                                               Hepatitis B core IgM negative                                                                                                                        
                                           EBV PCR detected \<10                                                                                                                                                       Hepatitis B surface antigen negative                                                                                                                 HEV RNA PCR
                                           HSV-1 /2 PCR negative                                                                                                                                                       Hepatitis C antibody negative                                                                                                                        14300 IU/mL (Dec 2016)
                                           Fungal culture negative                                                                                                                                                     HBV DNA PCR negative                                                                                                                                 29200 IU/mL (Jan 2017)
                                           Bacterial culture negative                                                                                                                                                  Cryptococcal antigen negative                                                                                                                        201000 IU/mL (Feb 2017)
                                           *Toxoplasma gondii* DNA PCR negative                                                                                                                                        HIV 4^th^ generation Ag/Ab negative                                                                                                                  418000 IU/mL (Mar 2017)
                                           MTB Quantiferon Gold assay negative                                                                                                                                         JCV Ab 2.31 (\>0.40 positive)                                                                                                                        418000 IU/mL (Apr 2017)
                                           Adenovirus DNA PCR negative                                                                                                                                                 RPR negative                                                                                                                                         662000 IU/mL (May 2017)
                                           Parvovirus B19 DNA PCR negative                                                                                                                                             Aspergillus antigen EIA negative                                                                                                                     
                                           West Nile virus IgG/IgM negative                                                                                                                                            *Coccidioides* IgG/IgM EIA negative                                                                                                                  
                                           Rickettsia RMSF and typhus IgG/IgM negative                                                                                                                                 *Toxoplasma gondii* DNA PCR negative                                                                                                                 
                                           VZV DNA PCR negative                                                                                                                                                        *Peritoneal fluid*                                                                                                                                   
                                           *Coccidioides* IgG/IgM EIA negative                                                                                                                                         Bacterial Gram stain and culture negative                                                                                                            
                                           Hepatitis A Ab total negative                                                                                                                                               *HEV testing*                                                                                                                                        
                                           Hepatitis A Ab IgM negative                                                                                                                                                 Serum HEV IgM reactive, IgG nonreactive                                                                                                              
                                           *CSF*                                                                                                                                                                       Plasma HEV RNA PCR 5960000 IU/mL                                                                                                                     CSF
                                           Cryptococcal antigen negative                                                                                                                                                                                                                                                                                                    HEV RNA 7060 IU/mL (Mar 2017)
                                           Enterovirus PCR negative                                                                                                                                                                                                                                                                                                         
                                           Fungal culture negative                                                                                                                                                                                                                                                                                                          
                                           Bacterial Gram stain and culture negative                                                                                                                                                                                                                                                                                        
                                           VZV PCR negative                                                                                                                                                                                                                                                                                                                 
                                           HSV 1/2 PCR negative                                                                                                                                                                                                                                                                                                             
                                           CMV DNA quantitative PCR negative                                                                                                                                                                                                                                                                                                
                                           *Nasopharyngeal swab*                                                                                                                                                                                                                                                                                                            
                                           Respiratory virus panel PCR negative^b^                                                                                                                                                                                                                                                                                          
  Imaging                                  *MRI brain*: Stable periventricular and subcortical and juxtacortical T2/FLAIR white matter intensities with T1 hypointensity                                               *MRI brain*: Unchanged                                                                                                                               
                                           *Abdominal ultrasound*: Normal liver size, homogeneous in echogenicity. Normal spleen size. No ascites. Normally distended gallbladder containing sludge, without stones.   *Abdominal ultrasound*: Cirrhotic appearing liver without focal lesion, patent hepatic vessels, small volume ascites. Spleen upper normal in size.   
                                                                                                                                                                                                                       *Liver ultrasound elastography*: Shear wave liver stiffness 2.1 m/sec consistent with METAVIR score of F3-F4                                         

Abbreviations: Ab, antibody; CMV, cytomegalovirus; CSF, cerebrospinal fluid; DNA, deoxyribonucleic acid; EBV, Epstein-Barr virus; EIA, enzyme immunoassay; HEV, hepatitis E virus; HSV, herpes simplex virus; IgG, immunoglobulin G; IgM, immunoglobulin M; IU, international units; JCV, JC virus; MTB, *Mycobacterium tuberculosis*; MRI, magnetic resonance imaging; PCR, polymerase chain reaction; RBC, red blood cell; RMSF, Rocky Mountain spotted fever; RPR, rapid plasma regain; VZV, varicella-zoster virus; WBC, white blood cell.

^a^For hospitalization 1, the laboratories were drawn the day of discharge. For the other hospitalizations, the laboratories are from admission unless a range is given, which represents the range during the course of hospitalization.

^b^Included in respiratory virus panel PCR: influenza A, influenza A H1, influenza A H3, influenza A 2009 H1N1, influenza B, respiratory syncytial virus, parainfluenza virus type 1, parainfluenza virus type 2, parainfluenza virus type 3, parainfluenza virus type 4, human metapneumovirus, rhinovirus, adenovirus serogroup B/E, adenovirus serogroup C, coronavirus NL63, coronavirus HKU1, coronavirus 229E.

RESULTS {#s2}
=======

The patient was identified as a possible PDAID case based on the unknown etiology of her meningoencephalitis. A cerebrospinal fluid sample from day 3 of her hospitalization was analyzed by clinical mNGS testing at University of California, San Francisco. DNA and RNA sequencing libraries yielded 12706666 and 11080133 reads, respectively. Analysis using the sequence-based ultra-rapid pathogen identification (SURPI+) clinical bioinformatics pipeline detected HEV. Assembly yielded a 95.6% complete viral genome with approximately 90% pairwise identity to the closest matched reference in GenBank (Supplementary Figure 1*A* and 1*B*). Phylogenetic analysis assigned the genome to genotype 3a, most closely related to viral strains from Japan and Southeast Asia (Supplementary Figure 1*C*).

The diagnosis of HEV-associated meningoencephalitis was communicated to the patient. Review of the patient's electronic medical record showed normal transaminase levels before lung transplantation, with persistent low-level elevations after transplantation in 2011 (Supplementary Figure 2*A* and 2*B*). The patient was readmitted 2 weeks after being discharged with new decompensated liver disease, encephalopathy, asterixis, ascites, and cirrhosis by abdominal ultrasound and liver elastography. The HEV mNGS results prompted immediate follow-up clinical testing demonstrating serum HEV immunoglobulin M (IgM) positivity, negative immunoglobulin G (IgG), and plasma HEV viremia (5960000 international units \[IU\]/mL) ([Table 1](#T1){ref-type="table"}, Supplementary Figure 2*C*), and treatment with ribavirin and low-dose diuretics. Hepatitis E virus RNA declined, transaminases normalized, and ascites, edema, and mentation improved, but the patient subsequently had 2 readmissions for headache, nausea, and vomiting attributed to tacrolimus toxicity or side effects from ribavirin, necessitating multiple ribavirin treatment interruptions.

The case was reported to the United Network for Organ Sharing donor safety net. Testing of stored donor serum was positive for HEV IgG and IgM antibody but negative for HEV RNA. The donor was reported to be a 50-year-old woman with methamphetamine use from Central California without clear risk factors for HEV infection or abnormal transaminase levels. Pretransplant samples from the case patient were not available.

DISCUSSION {#s3}
==========

We present a case of genotype 3a HEV infection in a lung transplant recipient with MS on immunosuppressive therapy. The patient's symptoms and lymphocytic pleocytosis on admission were consistent with acute viral meningitis. Tacrolimus toxicity may have also contributed to her presentation because she improved rapidly after tacrolimus discontinuation. The patient's persistent low-level transaminitis for several years before admission and subsequent evidence of cirrhosis suggest that she was likely chronically infected with HEV. Although initial testing for HEV IgG was negative, serologies can be unreliable in immunosuppressed patients \[[@CIT0006]\]. Her prior episodes in 2013 and 2016 of seizure and "encephalopathy" are also suggestive of chronic neuroinvasive HEV disease with intermittent flares.

Although the development of chronic HEV infection is infrequent in the general population, solid organ transplant (SOT) recipients are at greater risk \[[@CIT0007]\]. In 1 series of 85 SOT recipients with HEV infection, \>60% developed chronic hepatitis \[[@CIT0008]\]. In some of these patients, cirrhosis can develop within several years \[[@CIT0008]\]. Neurologic manifestations of HEV infection, including inflammatory polyradiculopathy, encephalitis, and Guillain-Barré syndrome, have been seen in 5.5% of cases \[[@CIT0009]\]. The timing of neurological manifestations after HEV infection has not been well described, but ranged from 12--60 months in 1 review of 6 cases in immunosuppressed patients. In animal models, HEV is able to cross the blood--brain barrier, replicate in the central nervous system, and cause neuronal necrosis and myelin degeneration \[[@CIT0010]\].

Hepatitis E virus infection is infrequently considered as an infectious cause of meningoencephalitis and specific diagnostic testing is not routinely done, underscoring the benefit of an unbiased approach such as mNGS for pathogen detection \[[@CIT0011]\]. Hepatitis E virus infection may be detected through serological testing, but concurrent blood and stool HEV RNA testing is recommended, especially in immunosuppressed patients \[[@CIT0006]\]. Clinicians should consider HEV in the differential diagnosis for SOT or other immunosuppressed patients with unexplained hepatitis, particularly those taking calcineurin inhibitors \[[@CIT0008]\]. The treatment of chronic HEV infection includes reduction in immunosuppression, enabling viral clearance in approximately 30% of SOT patients \[[@CIT0012]\]. Ribavirin monotherapy has achieved sustained virologic response in approximately 85% of patients and was initiated in this patient \[[@CIT0012]\]. New antivirals such as sofosbuvir may have a future role in treatment \[[@CIT0013]\].

Notably, our patient appears to have contracted HEV from her donor. Supporting evidence includes the positive anti-HEV IgG/IgM testing of the donor's serum and the patient's persistent low-level transaminase elevations that began after transplant. Of only 2 published reports of donor-derived HEV transmission, 1 liver transplant recipient developed cirrhosis and death from septic shock within 15 months of transplantation, and 2 renal transplant recipients (with the same donor) developed cholestatic hepatitis at 9 and 11 months after transplantation \[[@CIT0014], [@CIT0015]\]. This is the first report of presumptive HEV transmission through lung transplantation. Transplant centers and clinicians should be aware of the potential for HEV infection in donors judged to be at elevated risk.

Supplementary Data {#s4}
==================

Supplementary materials are available at *Open Forum Infectious Diseases* online. Consisting of data provided by the authors to benefit the reader, the posted materials are not copyedited and are the sole responsibility of the authors, so questions or comments should be addressed to the corresponding author.
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======================

###### 

Click here for additional data file.
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Click here for additional data file.
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Click here for additional data file.
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